Propolis (bee glue) is a resinous hive product gathered by honeybees (Apis mellifera) from the buds and bark of certain trees and plants. We previously reported on the isolation and characterization of prenylcinnamic acid derivatives from Brazilian propolis. 1) In this paper, we describe the isolation and structural elucidation of 24 constituents, including seven new p-coumaric acid derivatives from Brazilian propolis.
. Compound 5 was a known phenolic compound. It was identified as 4-hydroxy-3-prenylbenzoic acid 6) (5) . Compounds 6-9 were known diterpenoic acids. They were identified as 15-acetoxyisocupressic acid 7) (6), agathic acid 15-methyl ester 8) (7) , communic acid 7) (8) and dehydroabietic acid 9) (9) . Compound 10 was a lignan of a trimeric coniferyl alcohol. It was identified as 1-(4-hydroxy-3-methoxyphenyl)-1,2-bis{4-[(E )-3-acetoxypropen-1-yl]-2-methoxyphenoxy}-propan-3-ol acetate 10) (10) . Compounds 11 and 12 were known p-coumaric acid esters. They were identified as benzyl p-coumarate (11) and phenethyl p-coumarate (12) . Compounds 13-17 were known cinnamic acid derivatives. They were identified as cinnamic acid (13) , ferulic acid (14), 3-(2,2-dimethy-2H-1-benzopyran-6-yl)-2-propenoic acid 11) (15) , plicatin B 12) (16) and capillartemisin A 13) (17). These known compounds were identified by comparison of spectral data and specific optical rotation with values in the literature and/or authentic samples. This is the first report of the isolation of 3, 4, 5, 16 and 17 from propolis.
Compound 18 was obtained as an amorphous powder and afforded a [MϩH] ϩ ion peak at m/z 329 (C 19 H 21 O 5 ) in the positive FAB-MS. The IR spectrum of 18 showed a signal at 1688 cm
Ϫ1
. Fig. 1 by arrows, indicated the presence of a p-coumaric acid moiety and a dihydrobenzofuran ring. Consequently, the structure of 19 was deduced to be (
The configurations of C-2 and C-11 were not determined.
Compound 20 was obtained as an amorphous powder and C-NMR and the 1 H-1 H and 1 H-13 C COSY spectral data showed the presence of one dihydrocinnamoyl group and one p-coumaric acid moiety. In the HMBC spectrum, the signal at d 2.90 (H-8Ј) showed a correlation with the carbon signals at d 139.9 which was assigned to C-1Ј of the dihydrocinnamoyl group, not the p-oxybenzene group. The possibility of a dihydro-p-coumaric acid moiety was denied. This structure was determined by comparison with the data of p-coumaric acid and (E)-3-prenyl-4-(2,3-dihydrocinnamoyloxy)cinnamic acid, 1, 14) which attached a prenyl group to 20. Thus, the structure of 20 was concluded to be (E)-4-(2,3-dihydrocinnamoyloxy)cinnamic acid.
Compound 21 was obtained as an amorphous powder and afforded a [M] ϩ ion peak at m/z 248 (C 14 H 16 O 4 ) in the positive FAB-MS. The IR spectrum of 21 showed a signal at 1682 cm . Therefore, the position of the hydroxyl group in 21 was determined to be C-3. Other long-range correlations indicated the presence of a dihydrobenzopyran ring (Fig. 2 ). This structure was also supported by comparison with the data of (E)-3-(2,2-dimethyl-3,4-dihydro-3-hydroxy-8-prenyl-2H-1-benzopyran-6-yl)-2-propenoic acid. 1, 8) Consequently, the structure of 21 was deduced to be (E)-3-(2,2-dimethyl-3,4-dihydro-3-hydroxy-2H-1-benzopyran-6-yl)-2-propenoic acid.
Compound 22 was obtained as an amorphous powder and afforded a [MϩH] ϩ ion peak at m/z 231 (C 14 (Fig. 3) .
Methylation of 22 with diazomethane furnished the methyl ester (22a). Compound 22a afforded a [MϩH] ϩ ion peak at m/z 245 (C 15 H 17 O 3 ) in the positive FAB-MS. The IR spectrum, 1688 cm
, suggested the ester of 22. 22a was in agreement with the NMR data of the (E)-3-[2,3-dihydro-2-(1-methylethenyl)-5-benzofuranyl]-2-propenoic acid methyl ester which was previously isolated from Baccharis linearis.
11) Based on these facts, the structure of 22 was deduced to be ( 13 C COSY spectrum and HMBC spectrum, and by comparison with the data of 22 and 22a. 11) In the HMBC spectrum of 23, the proton signal at d 7.68 (H-8) showed correlation with the aromatic carbon signals at d 128.9 (C-6) and 129.8 (C-4). So, the prenyl moiety is attached at the 7 position. Other long-range correlations are depicted in Fig. 4 . Consequently, the structure of 23 was concluded to be (
Compound 24 was obtained as an amorphous powder and afforded a [MϪH] ϩ ion peak at m/z 447 (C 28 H 31 O 5 ) in the positive FAB-MS. The IR spectrum of 24 showed signals at 1720 and 1686 cm
. The 1 H-and 13 C-NMR spectra exhibited signals similar to those of capillartemisin A 13) (17), except for the presence of a dihydrocinnamoyl moiety. 1, 14) Capillartemisin A is the E-hydroxyisoprenyl type, while capillartemisin B 13) is the Z type. So, 24 is the E type. In the HMBC spectrum, the oxygenated methylene proton signal at d 4.52 (H-4Ј) showed a correlation with the carboxyl carbon signal at d 172.8 (C-9ٞ). Other long-range correlations, depicted in Fig. 5 by arrows, supported the presence of a dihydrocinnamoyl group and capillartemisin A. Thus, the structure of 24 was deduced to be (E)-3-{4-hydroxy-3-[(E)-4- 
In this study, we found that the isolated compounds 1, 2, 9, 15, 16 and the methyl ester of 22 were contained in different Baccharis species (Compositae) 11, 16) which have been widely used as a folk medicine in Brazil. The genus Baccharis is widespread in the tropical South American zone, and has many known constituents, including phenolic compounds, flavonoids and diterpenes. Thus, the phytochemical investigation suggested that Baccharis species are a significant sources of propolis.
Experimental
Optical rotations were determined with a JASCO DIP-1000 digital polarimeter. UV spectra were measured on a Beckman DU 640 spectrophotometer. IR spectra were measured on a JASCO FT/IR-230 fourier transform IR spectrometer. FAB-MS spectra were taken on a JEOL JMS-SX102 spectrometer.
1 H-and 13 C-NMR were recorded on a JEOL GSX-500 (500 and 125.65 MHz, respectively). Chemical shifts are given on a d (ppm) scale with tetramethylsilane (TMS) as an internal standard. The 1 H-1 H COSY, 1 H- 13 C COSY and HMBC spectra were recorded with standard JEOL software. HPLC was run on JASCO system 880 and JASCO system 987 instruments. Reversed-phase HPLC was carried out on a column of Deverosil ODS-15/30 and Deverosil ODS-5 (Nomura Chemical, Ltd.). Detection was by UV absorption at 280 or 205 nm.
Propolis Material Brazilian propolis glue, which was obtained from the state of Minas Gerais in Brazil, was supplied by Dai Ki Kenko-kan Co., Ltd.
Extraction and Isolation Propolis (450 g) was extracted with 75% EtOH (1 l) at room temperature for 24 h. After filtration, concentration of the 75% EtOH extract (150 g) under reduced pressure gave a crude material (29.5 g). It was partitioned with EtOAc-H 2 O to yield an EtOAc extract (21.8 g), a H 2 O extract (6.3 g) and a residue (1.4 g). The EtOAc extract (5.0 g) was subjected to silica gel column chromatography with a n-hexane-CHCl 3 
